Introduction
This paper studies the design of a model following control system (MFCS) for nonlinear descriptor system in discrete time. In previous studies, a method of nonlinear model following control system with disturbances was proposed by Okubo,S. and also a nonlinear model following control system with unstable zero of the linear part, a nonlinear model following control system with containing inputs in nonlinear parts, and a nonlinear model following control system using stable zero assignment. In this paper, the method of MFCS will be extended to descriptor system in discrete time, and the effectiveness of the method will be verified by numerical simulation.
Expressions of the problem
The controlled object is described below, which is a nonlinear descriptor system in discrete time.
(1 ) ( ) ( ) ( ( ) )( ) 
The reference model is given below, which is assumed controllable and observable.
(1 ) ( (, ,) CAB is controllable and observable, i.e. [, ] ,
2. In order to guarantee the existence and uniqueness of the solution and have exponential function mode but an impulse one for (1), the following conditions are assumed.
are stable. In this system, the nonlinear function (() ) f vk is available and satisfies the following constraint.
Here, () d Dz is a scalar characteristic polynomial of disturbances. Output error is given as
The aim of the control system design is to obtain a control law which makes the output error zero and keeps the internal states be bounded.
Design of a nonlinear model following control system
Let z be the shift operator, Eq.(1) can be rewritten as follows.
Then the representations of input-output equation is given as 
The first step of design is that a monic and stable polynomial () Tz , which has the degree of (21 ) dm i nn n ρ ρ σ ≥+− − − , is chosen. Then, () Rz and () Sz can be obtained from
where the degree of each polynomial is: (12), the following form is obtained:
The output error () ek is represented as following.
Γ ⋅ is the coefficient matrix of the element with maximum of row degree, as well as 0 r N ≠ . The next control law () uk can be obtained by making the right-hand side of Eq.(13) be equal to zero. Thus, 11 11 11 
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Note that there are connections between the polynomial matrices and the system matrices, as follows:
Firstly, remove () uk from Eq.(1)～(3) and Eq.(18)～(21). Then, the representation of the overall system can be obtained as follows. ( 1 ) 00 0
( 1 ) 00 0 ( 1 ) 000
( 1 ) 
With the consideration that 4 () k ξ is bounded, the necessary parts to an easy proof of the bounded property are arranged as
where the contents of , , ( ), , , 
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Using 
We show a result of simulation in Fig. 1 . It can be concluded that the output signal follows the reference even if disturbances exit in the system.
Conclusion
In the responses (Fig. 1) of the discrete time model following control system for nonlinear descriptor system, the output signal follows the references even though disturbances exit in the system. The effectiveness of this method has thus been verified. The future topic is that the case of nonlinear system for 1 γ ≥ will be proved and analysed.
